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ECOLOGY AND BEHAVIOR
Citrus Mealybug (Hemiptera: Pseudococcidae) Movement and
Population Dynamics in an Arbor-Trained Vineyard
M. CID,1,2,3 1,4 5 AND A. SEGURA1
J. Econ. Entomol. 103(3): 619Ð630 (2010); DOI: 10.1603/EC09234
ABSTRACT The citrus mealybug, Planococcus citri (Risso) (Hemiptera: Pseudococcidae), is the
main grapevine pest in vineyards in some countries, such as Spain and Brazil. In Galician vineyards
(northwestern Spain), mealybug population levels are low because the accumulated degree-days are
lower than in other grapevine-growing areas. The main problem caused by mealybugs is the trans-
mission of viruses, even at low infestation levels. The active period of citrus mealybug in the study
vineyard lasted from July until December, with an important movement peak at the end of July and
August and a lower peak in November. The mealybug mainly moved upward along arbor-trained
plants, and there were no important downward movements at the end of the season as has been
described for other grapevine mealybugs. The mealybugs were normally restricted to the woody
organs and were only present on leaves, branches, and green canes (always close to woody parts) in
plantswith high infestations. Themovement ofmealybugs between plants does not seem to take place
by contact between green organs. Passive aerial transport andmovement of pruning remainsmay play
an important role in mealybug movement and thus in spread of the virus. The number of mealybugs
carrying Grapevine leafroll-associated virus 3 (GLRaV-3) was found to represent75% of mealybugs
caught in a GLRaV-3 infected vineyard.
KEY WORDS insect, citrus mealybug, Planococcus citri, grapevine, Grapevine leafroll-associated
virus 3
Mealybugs are important pests in grapevine culture
(Bentley et al. 2006a,b; Varela et al. 2006). They have
two direct effects: reduction of plant vigor at high
population levels, and devaluation of fruit due to the
presence of mealybugs on grape bunches. Further
indirect effects on photosynthesis and on fruit mar-
ketability also occur as a result of the sooty mold that
grows on the honeydew produced by the mealybug,
and as a result of the transmission of important
grapevine viruses (GVA, GVB, Grapevine leafroll-
associated virus [GLRaV]-1, GLRaV-3, GLRaV-5,
and GLRaV-9), even at low infestation levels (Go-
lino et al. 2002).
Planococcus ﬁcus (Signoret) and grape mealybug,
Pseudococcus maritimus (Ehrhorn), are the two most
important mealybug species that are considered as
vineyard pests and that cause serious problems in all
wine-growing areas. Other species such as citrus
mealybug, Planococcus citri (Risso); obscure mea-
lybug, Pseudococcus viburni Signoret; and Pseudo-
coccus longispinus (Targioni-Tozzetti) are less im-
portant pests of grapevine because they affect
smaller areas and produce fewer direct economic
losses.
The citrus mealybug is a highly polyphagous mea-
lybug and is considered a pest of many crops, espe-
cially of citrus orchards. P. citri is not usually found in
most wine-growing areas but it is almost the only
mealybug found in vineyards inGalicia (northwestern
Iberian Peninsula) (Cabaleiro and Segura 1997a) and
Brazil (Morandi et al. 2008). The ability of the citrus
mealybug to transmit GLRaV-3 and GVA has been
demonstrated in laboratory assays (Rosciglione and
Castellano 1985; Cabaleiro and Segura 1997a,b;Golino
et al. 2002). The Þeld transmission of GLRaV-3 by
mealybugs has been demonstrated in an arbor-trained
vineyard in Galicia naturally infested by P. citri (Ca-
baleiro and Segura 1997a). This vineyard displayed a
low level of citrus mealybug infestation, and mealy-
bugs did not cause crop loss.
GLRaV-3 is the most widespread grapevine virus. It
has been reported in all major grape-growing areas
around the world. The main effect of the virus is a
decrease in must qualityÑspeciÞcally a decrease in
sugar content and an increase in acidityÑand a de-
crease ingrapevineyieldby,onaverage, 15Ð20%(Mar-
telli and Boudon-Padieu 2006).
Arbor training of vines is commonpractice in south-
eastern Galicia. This particular type of training is used
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to prevent fungal attack (as the plant canopy is sep-
arated from the soil) and is used in low-lying areas
with high relative humidity. The branches of the cur-
rent yearÕs growth in plants trained in this way grow
to make a continuous canopy, with close contact be-
tween plants during most of the season.
The presence of citrus mealybug in vineyards was
not considered an important research topic until re-
cently; few studies were carried out (Ruiz Castro
1965) and more attention was given to the citrus pest
(Bodenheimer 1951, Berlinger and GolÕberg 1978,
Krishnamoorthy and Singh 1987). The discovery of
the ability of mealybugs to transmit the grapevine
virus increased the general interest inP. citri andother
mealybugs that are vineyard pests. Several studies
focusedon thebiology (Morandi et al. 2008), behavior
(Geiger and Daane 2001, Lo et al. 2006, Grasswitz and
James 2008), and detection and control of the mea-
lybugs (Walton et al. 2004; Walton and Pringle
2004a,b, Bentley et al. 2006a,b), and on its role in Þeld
virus transmission (Cabaleiro and Segura 1997a, Go-
lino et al. 2002, Cabaleiro et al. 2008).
The importance of the insectsÕ movements in the
virus transmission process remains unknown. The aim
of the current study was therefore to describe the
pattern of movements of P. citri on arbor-trained
grapevine plants and to analyze the role of mealybug
movement in the Þeld transmission of GLRaV-3.
Materials and Methods
Vineyard. The experiments were performed in a
vineyard in Beluso (Galicia, northwestern Spain)
(516838.94 UTMX 29-T, 4685556.97 UTMY 29-T),
which comprises several plots. The vineyard has been
described in previous papers, and the Þeld transmis-
sion of the GLRaV-3 by mealybugs has been moni-
tored at the site for 15 yr (Cabaleiro and Segura
1997a). The plot used in the current study, plot F, was
planted 20 yr ago with ÔTinta FemiaÕ (the local name
for the traditional red ÔCaõ´n˜o TintoÕ). The plants were
arbor-trained (Fig. 1) with a northÐsouth orientation.
The mealybug infestation in the vineyard was Þrst
observed in this plot and was generally conspicuous.
The sampled plants were located on the north third of
theplot,which represent0.1ha.Allplants in thisplot
are infected with GLRaV-3.
ClimateParameters.Theclimaticdata(temperature,
moisture, and rainfall) during the sampling period were
obtained from the nearest climate recording station
(Lourizan: 527749 UTMX 29-T, 4695489 UTMY 29-T)
placed at 15 km from the study location. The station is
part of the Sistemade Informacio´nAmbiental deGalicia
climate monitoring station network, and the data were
downloaded from www.meteogalicia.es. Historical data
from the climate stationwere obtained fromCarballeira
et al. (1983).
Fig. 1. Diagram of an arbor-trained grapevine with the traps locations. Thewhite arrows show the places where the traps
to study the temporal movement of mealybugs were placed (1 and 1* indicate the trunk traps of the two groups of plants
created, and 2 indicates the cane trap). The facing black arrows show the placeswere the double traps to study themovement
ofmealybugs through theplantwereplaced(a, b, andc indicate the traps of the lower,middle, andupper levels, respectively).
The box A shows a diagram of a simple sticky trap used to study the temporal movement of mealybugs. The box B shows a
diagram of a double sticky trap used to study the movement of mealybugs through the plant.
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Temporal Study ofMealybugsMovement.The tem-
poral study of movement was performed with the aid
of adhesive traps placed on several parts of the plants.
The mealybugs were trapped to determine the timing
of peak occurrence and to relate this to the possibility
of virus transmission.
The sampling was carried out in three seasons, be-
ginning in May 2003 and ending in February 2006.
Sampling in 2003Ð2004 was carried out on two plants
selected on the basis of the presence of overwintering
females under the trunk bark. The sampling in 2004Ð
2005 began on 20 plants where either overwintering
females or remains of woolly laying were present,
although sampling of two of these plants was discon-
tinuedat theendof the summerbecausenomealybugs
were detected. In 2005Ð2006, the same 18 plants as in
the previous year were sampled.
Two adhesive traps were placed on each plant (Fig.
1): one trap on the trunk and the other trap on a
branch 20 cm away from the trunk. In the 2004Ð2006
sampling, two different groups of plants were estab-
lished to obtain additional data about the distribution
andmovement of themealybugs. The trunk trap in the
Þrst group was placed at 0.8 m from the soil, as in
2003Ð2004 sampling, and in the second group it was
placed at 1.7 m from the soil, close to the trellis. Each
trap consisted of packaging tape wound around the
trunk, or branch, to make a funnel with the wide part
facing downward (Fig. 1A). The bark was removed
fromaround the trunkbefore the trapwasput inplace,
to ensure good adherence and to avoid movement of
the mealybugs under the tape. The mealybugs were
trapped on the inward side of the tape when they
moved along the plant. New traps were placed in the
same position on subsequent sampling dates. The
tapes were removed and replaced weekly in July,
August, and September. The period that elapsed be-
tween placement and removal of the trap during the
other months varied between 1 wk and 1 mo, depend-
ing on the level of capture and the environmental
conditions.
The insects trapped on the tapes were counted in
the laboratory in a stereomicroscope. Two classes of
insects were established according to the develop-
ment stage of the mealybugs: nymphs, including the
Þrst and second nymphal stages, and adults, including
the third nymphal stages and female adults. The pres-
ence of other insects that may affect the mealybug
populations, including ants, was recorded. The num-
berofcapturesper trapwascorrectedaccording to the
number of days that elapsed between placement and
removal of the trap. Thus, the rate of capture was
expressed as the number of insects trapped per day.
The capture data from the trunk traps in the two
plant groupswere square root transformed. The trans-
formed values were compared for each sampling date
by means of a nonparametric MannÐWhitney analysis
(StatView 4.02, Abacus Concepts, Berkeley, CA).
Movement of Mealybugs Through the Plants. The
movement of the mealybugs through the plants was
analyzed during the 2005Ð2006 season. The sampling
periodicitywas the sameasdescribed above.Adhesive
traps were placed on Þve plants, as described above,
but at three height levels: one trap at 30Ð40 cm from
the soil; a second trap at 170 cm from the soil; and a
third trap on top, on a branch 50 cm from the previous
trap (Fig. 1). Two adhesive traps were placed at each
level: the lower trap at each level was arranged with
the wider part facing downwards and the upper trap
with the wider part facing upwards (Fig. 1B). Thus,
mealybugs that moved up through the plant fell into
the lower trap, and those that camedownwere caught
in the upper trap. Each sampling date the tapes were
replacedan the removed trapswere transported to the
laboratory and the number of captured insects
counted as described above. The movement at each
levelwas valuated as the average per plant of diary net
movement and that was the number of mealybugs
trapped in the lower trapminus number of mealybugs
caught in the upper trap divided by the time, ex-
pressed in days that elapsed between placement and
removal of the trap.
Location of Mealybugs on Plants. The location of
mealybugs was monitored throughout the season by
visual sampling on Þve plants during the 2005Ð2006
season. The sampling periodicity was the same as de-
scribed above. Three sampling areaswere established:
the trunk, between the soil and the Þrst fork; the old
(several-years-old) ligniÞed branches; and the can-
opy, which comprises the 1-yr-old branches, leaves,
and bunches. Two experimenters sampled each plant
part simultaneously for 2 min, so that each plant was
therefore sampled for12min.The infestation levelwas
measured separately for adults and nymphs according
to a four-class scale: 1) absence of individuals, 2) low
infestation level (1Ð3 individuals), 3) intermediate
level (4Ð10 individuals), and 4) high level (10 in-
dividuals). A numerical value was assigned to each
abundance class for the calculations: 0, absence of
mealybugs; 1.5, low level; 7.5, intermediate level; and
15, high level of infestation. The average values ob-
tained for each sampling area were compared date by
date bymeans of a KruskalÐWallis test (StatView 4.02,
Abacus Concepts).
Abundance of Potentially Viruliferous Mealybugs.
Sampling was carried out to calculate the number of
potentially viruliferous mealybugs during the 2004Ð
2005 season. The periodicity of samplings was similar
to that described above. Three mealybugs were col-
lected fromeach plant on each sampling day, from the
sameÞveplants.Adultmealybugswerecollectedpref-
erentially, but in the absenceof adults, nymphal stages
(as large as possible) were collected. The virus was
detected on whole individuals by immunocapture re-
verse transcription-polymerase chain reaction (IC-
RT-PCR) (Cid et al. 2007) performed with commer-
cial antibodies against GLRaV-3 (Bioreba, Reinach,
Switzerland) and with the primers designed by Mi-
nafra and Hadidi (1994). The ratio of positive to total
mealybugs analyzed in the course of the season was
comparedbymeansofchi-squaredgoodness-of-Þt test
(StatView 4.02, Abacus Concepts).
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Results
Temporal Study of Mealybug Movements. Mainly
Þrst and second nymphal stages were captured and
only a few adults and third nymphal stagewere found.
The average number of nymphs, adults, and ants cap-
tured per day and plant for 2004 and 2005 are shown
in Fig. 2. This indicates the clear prevalence of
nymphal stages and a slight similarity between the
capture proÞle of adults and nymphs. The period of P.
citri movement lasted from mid-July until the end of
the year (Fig. 3). However, a few mealybugs were
captured before and after that period. Peak move-
ments occurred during the two last weeks of July and
in August. After the Þrst peak movements the level of
capture fell and remained low until November when
a new peak movement took place, although much less
than in summer. The number of mealybugs captured
varied greatly among plants and among years. On
some plants, fewer mealybugs were captured in 2004
than in 2005, but on other plants more were captured
in 2004. Because of the great differences between
plants in terms of the infestation level and in the shape
of the capture curve, signiÞcant differences between
the two groups of plants on the basis of the height of
the trunk trap were only detected in one of 52 sam-
pling dates (MannÐWhitney U test (P value for 14
December 2005 was 0.0413).
Movement of Mealybugs Through Plants. The lev-
els of infestation differed greatly in the Þve plants
sampled. A high level of infestation was observed in
Fig. 2. Captures of mealybugs and ants per day and plant in 2004Ð2006. (A)Numbers of mealybug nymphs captured (Þrst
and second nymphal stage). (B) Numbers of mealybug adults captured (third nymphal stage and adults). (C) Number of
ants captured throughout 2004Ð2006 period. The ordinate axis represents the insects captured in the single sticky traps per
day and plant during the sampling to determine the timing of peak movements.
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two plants (1,666 and 1,082 mealybugs were caught
during the sampling in these plants) and a low level of
infestation in the other three plants (94, 244, and 286
mealybugs were caught in these plants). The average
value per plant of the diary net movement of nymphs
(N1 and N2 nymphs) for each level shows a predom-
inant upward movement (Fig. 4A). There was a no-
table downward movement on the lower zone of the
plants in the second half of July and on the middle
zone in the second half of September. The other de-
scending movements were occasional and usually in-
volved small numbers of mealybugs. The most signif-
icant were those detected in mid October on the
middle zone and in mid November on the lower and
middle zones. The movement pattern of adults (N3
nymphs and adults) was quite different from the
nymphal movement pattern (Fig. 4B). The upward
movement was predominant on themiddle and upper
zones, but on the lower zone the downward move-
ment was the main type of movement. It is important
to note the number of adults caught was really lower
than that of nymphs. The movement of adults re-
corded in the upper and middle traps was mainly
upward with only a few occasional downward move-
ments: in early August on the middle zone and in
mid-August and mid-October on the upper zone.
Location of Mealybugs on Plants. The visual sam-
pling indicated that themealybugspreferred the trunk
and woody branches (Fig. 5). Of the Þve sampled
plants, mealybugswere consistently present on two of
the canopies (two Þfths) and sporadically on one
canopy. In these cases, the mealybugs were always
located next to the woody part, and settled on the
three or four basal internodes and their respective
leaves.
Regarding the woody part of the plant, more mea-
lybugswere observed on the trunk than on thewoody
branches in four Þfths of the plants. The plantwith the
most mealybugs on the branches was the only plant in
which mealybugs were present on bunches, and even
then only on bunches that were in contact with the
wood.
The graphical representation shows the clear prev-
alence of the woody parts as refuge for the mealybugs
and its scarce presence on the canopy (Fig. 5). The
location on the different zones differed between
nymphs and adults. The presence of adults on the
canopy was low and it showed a maximum in Sep-
tember, whereas the nymphs were more irregularly
present on the canopy, with frequent peaks from June
to August and a maximum a month sooner than the
adults. The trunk played a major role as a refuge for
both adults, from mid-June to mid-December, and
nymphs, from late June to early November. The
woody branches also were used as refuge throughout
the season but were particularly important between
Fig. 3. Mealybug captures andmeteorological parameters throughout the study period. (A)Changes in themain climatic
parameters:mean temperature (Celsius), accumulated rainfall along themonth (millimeters), and themonthlywater balance
(rainfallminusevapotranspiration;millimeters)as adroughtestimate registered in thenearbyLouriza´nmeteorological station
(data obtained from www.meteogalicia.es). (B) Historical values of these three variables at the same meteorological station
(Carballeira et al. 1983); C shows the evolution inmealybugs captures during the three year period of sampling. The captures
are expressed as the average numbers of captures per day and plant.
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Fig. 4. Net movement of mealybugs at three different heights of the grapevines in 2005Ð2006. (A and B) Net movement
averaged per plant for the double sticky traps placed at the bottom of the trunk (lower level) in dark gray, at the top of the trunk
(medium level) in black, and on the woody branches (upper level) in light gray (see Fig. 1). The value shown for each sampling
date is the average per plant of subtract from the numbers of captures of the facing-down trap, which catch mealybugs going up,
the captures of the facing-up trap, which catch mealybugs going down. The value is positive when the net movement is upward
and negative when it is downward. (A) Nymphal data (N1 and N2) captures. (B) Adult (N3 and adults) captures. (C) Data for
totalcapturesperdaythat istheresultofaddthecapturesofall thetrapsoftheÞvesampledplantsanddivideitbythetime,expressed
as days, that the traps were on the plant.
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mid-November and February due to the high level of
infestation observed on the branches in only one in
Þve plants.
Thedatawere analyzedbymeans ofKruskalÐWallis
test to compare the distribution of mealybugs on the
plants. The large differences among plants allowed
only to Þnd statistical differences on three dates for
adults distribution (KruskalÐWallis: df  2, P  0.05,
on 29 September 2005, 14 October 2005, and 18 No-
vember 2005) and four dates for nymphs distribution
(KruskalÑWallis: df 2, P 0.05, on 21 July 2005, 28
July 2005, 6 October 2005, and 26 October 2005).
Potentially Viruliferous Mealybugs. The GLRaV-3
was detected in 10Ð13 of 15 mealybugs between mid-
July andmid-October (Fig. 6); thereafter, the number
of mealybugs decreased, and it was impossible to col-
Fig. 5. Distribution of mealybugs on the plants. The graphs show the distribution of mealybugs on the trunk, the woody
branches, and the green parts (leaves, branches, and bunches) throughout 2005Ð2006 season. The data were obtained by a
visual sampling, and a value of abundance was assigned to each plant zone according with a four steps scale (0, absence of
mealybugs, 1.5 between one and Þve mealybugs, 7.5 between six and 10 mealybugs, and 15 for 10 mealybugs). For each
sampling date and plant, we calculated the distribution of mealybugs (nymphs [N1 and N2] or adults [N3 and adults]) as
percentages, and the data shown are the average per plant of these percentages. The black lines represent the number of
mealybugs (nymphsor adults) estimatedperplant (sumof abundancevaluesof all thezones andplantsdividedby thenumber
of sampled plants). The sampling dates marked with an asterisk (*) are those with signiÞcant differences (KruskalÐWallis
test: df  2, P  0.05) among the percentages of mealybugs placed on each zone.
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lect Þve individuals per plant. In all samples that con-
sisted of 15 individuals, the percentage of GLRaV-3-
carrying mealybugs remained quite similar and varied
between 67 and 80%.Overall the percentage ofGLRaV-
3-carrying mealybugs during the entire season was
72% (170/235). The chi-squared goodness to Þt test
showednodifferences between theobtainedvalues of
viruliferous mealybugs and the expected ones (71.3%
of viruliferous mealybugs) (2  9.042, df  20, P 
0.9824).
Mealybug Biotic Relations. Capture of other ani-
mals on the traps provided information about their
possible biotic relation with the mealybugs. The main
interaction seemed to be with ants, which were con-
sistently trapped throughout the season. The ant cap-
ture peaks were detected between June and mid-
August (Fig. 2). The pattern of ant captures displayed
one or two peaks simultaneous to the Þrst peaks in
mealybug captures,with an additional peak before the
start of mealybug movements. From August onward,
the capture of ants decreased and was then very low
for the rest of the year. Shelters made by the ants to
protect themealybugsweredetectedduring sampling,
mainly on the lowest sector of the trunk.
Tyrophagus putrescentiae (Schrank) (Astigmata:
Acaridae) was present in variable numbers through-
out the entire study. Their abundance was not quan-
tiÞed. But during 2003 and 2004, the captures were
limited to the autumn, coinciding with a decrease in
mealybug numbers.However, in 2005, numbers of this
mite were high throughout the season and coincided
with abnormally low numbers of mealybug nymphs.
Predators andparasitoidwaspswerenot captured in
the traps, although some parasitoid mummies were
found glued to the traps. Most of these were already
empty, and in the others the adult parasitoids did not
hatch andwere therefore impossible to identify.More
mummieswere captured in 2005 (27) than in 2004 (6).
Discussion
The season of activity of P. citri, during the annual
cycle, lasts from early July until December. The citrus
mealybughas nowinter diapause (Bodenheimer 1951,
Ruiz Castro 1965), as most the grapevine mealybugs,
except Pseudococcus maritimus (Bentley et al. 2006b),
and some activity is detected throughout the winter.
Nevertheless, the low temperatures and the winter
latency of the grapevine lead to almost total inactivity
of the mealybugs. The overwintering population
mainly comprises adult females, but it is not uncom-
mon to Þnd third and occasionally second nymphal
stages, and they are located on the woody organs (the
onlyoneswhich remain fromoneyear to another) and
mainly on the lower part of the trunk. These over-
wintering individuals lay their eggs in late spring or in
early summer under the bark of the trunk and
branches of several years. Hatching of eggs laid by the
overwintering females gives rise to the Þrst peak
movement. These movements are reßected in the
peak captures in late July and August. The slight syn-
chronization of the mealybugs, generated by the win-
ter effect, and the goodenvironmental conditions give
rise to a large number of hatchings in a short period of
Fig. 6. Number of potentially infective mealybugs. (A) Differences in the number of mealybugs tested as positive and
negative for the presence of GLRaV-3 throughout the year. Threemealybugswere collected from each of Þve plants infected
with the virus. From mid-October, it became impossible to collect enough mealybugs, and very low numbers of mealybugs
were analyzed. Whole mealybugs were analyzed by IC-RT-PCR. No signiÞcant differences were detected between the
obtained values of viruliferous mealybugs and the expected values (71.3% of viruliferous mealybugs) (chi-squared goodness
to Þt test: 2  9.042, df  20, P  0,9824). (B) Total number of positive and negative individuals (for the presence of the
virus) throughout the year.
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time, leading to peak movement. Once the summer
peak movement occur the level of captures decreases
and remains low until late autumn, when a new peak
takes place. This second peak may be induced by the
simultaneous hatching of eggs laid by the Þrst no
overwintering generation mealybugs and the en-
hanced quality of the sap phloem caused by nutrient
retranslocation during leaf senescence (Nassar and
Kliewer 1966, Kliewer 1967).
The very mobile nymphs move along the plant,
mainly the trunk. Most do not reach the green organs
and they remain under the bark. They prefer con-
cealed places under the bark rather than the exposed
parts of shoots and the leaves. The nymphs colonize
the nearest portion of the green part, new shoots and
basal leaves, only in plants with an abnormally high
overwintering population or in plantswithmanyover-
wintering mealybugs on the upper branches.
Most studies of mealybugs in vineyards refer to
movements from the green part of the plants to the
more concealed lower part of the trunk in late season
(Ruiz Castro 1965; Berlinger 1977; Geiger and Daane
2001; KoplowWies 2004; Bentley et al. 2006a,b; Varela
et al. 2006). In the current study, sampling to deter-
mine the movement of mealybugs revealed the ab-
sence of downward peak movements of nymphs
throughout the year except on the lower part in the
second half of July, probably due to the spread of
crawlers hatched from eggs laid above the lower trap.
Nevertheless, adults moved upward at the two upper
levels traps but the lower one captures showed a
downwardmovement at this level. These results agree
with the location of a winter shelter center between
the lower andmiddle traps, whereas the adults tend to
search winter shelters on the lower trunk. In this
study, vineyard movement from the trunk to the can-
opy was not really necessary because of the very low
numbers allowed tomost ofmealybugs to settle on the
woody parts, under the bark, and return to the trunk
was imperceptible or nonexistent. The number of
overwintering females is thereforemainly determined
by the number of mealybugs under the bark and their
survival over the winter. Low temperatures, low
grapevine activity, and high rainfall may be the main
causes of mealybug deaths during the winter. When
present in low numbers, overwintering citrus mealy-
bugs are mainly located at the bottom of the trunk
(Bodenheimer 1951, Ruiz Castro 1965, Berlinger
1977). These locations are protected against the rain
and to a lesser extent against the low temperatures.
The obscure mealybug and Phenacoccus manihotiMa-
tile-Ferrero also display high mortality due to high
rainfall (Le Ru¨ and Iziquel 1990, Koplow Wies 2004).
The behavior of P. citri in the study vineyard is
different from that described in a vineyard in Almerõ´a
(southeastern Spain) (Ruiz Castro 1965). The level of
infestation of the green part in the Almerõ´a vineyard
wasmuchhigher than in the current study and rainfall
favored explosions in mealybug populations. These
differences may be mainly due to the climatic differ-
ences between locations: the climate in Almerõ´a is
semiarid Mediterranean (average temperature [AT],
18.7C; average annual rainfall [AAR], 196 mm; aver-
age relativemoisture [ARM], 66% [InstitutoNacional
de Meteorologõ´a (Espan˜a) 2001]), whereas the cli-
mate in the study area is oceanic (AT, 14.2C; AAR,
1,800 mm; and ARM, 77.7% [Carballeira et al. 1983,
Meteogalicia 2009]). The annual temperatures range
in Almerõ´a make it possible for the accumulated de-
gree-days to be almost twice as high as in Galicia. This
inßuences thenumberof generationsproducedby the
mealybugs each year and therefore the Þnal numbers.
In Almerõ´a, activity begins earlier, in April, due to the
higher temperatures. At this time, the mealybugs
hatched from the eggs laid by overwintering females
on the trunk colonize the sprouts and advance
through the canopy as it grows, so that in August
most of the mealybugs are located in the fruit. In
October, the mealybugs return to concealed loca-
tions under the bark. In vineyards in southeastern
Spain, relative humidity is an important variable in
terms of the population dynamic of mealybugs: the
rain and the subsequent increase in humidity cause
population explosions (Ruiz Castro 1965, Lucas Es-
padas 2002), whereas the dry wind mainly causes the
death of the youngest nymphs (Bodenheimer 1951,
Ruiz Castro 1965). However, rain had a different ef-
fect in the study area, where the relative humidity is
high throughout the season and thus does not limit
development of the mealybugs.
The dynamics of other grapevine mealybugs, such
as P. ﬁcus, Ps. maritimus, and Ps. viburni, also differs.
The behavior of thesemealybugs varies depending on
the species and the climatic features of the study
location. The grape mealybug probably displays the
most unusual behavior (Bentley et al. 2006b, Varela et
al. 2006) due to synchronized generations; movement
of thecrawlers to thecanopy,where theydevelop, and
movement of adults to the woody part to lay the eggs.
P. ﬁcus infests the trunkduring the spring and severely
colonizes the canopy in summer when it lays eggs on
leaves and grape clusters (Bentley et al. 2006b, Varela
et al. 2006). In November, the population density
declines and the nymphs migrate to the lower trunk.
The obscuremealybug Ps. viburni behaves similarly to
the vine mealybug (Koplow Wies 2004, Bentley et al.
2006b, Varela et al. 2006). Although it carries out the
same typeofmovements, the level of infestationof the
green part of the plants is lower than with the vine
mealybug and the obscuremealybug does not lay eggs
on leaves and grape clusters.
Geiger and Daane (2001) stated that the training
system had an effect on the level of infestation. They
detected larger populations of grape mealybugs, Ps.
maritimus, and greater levels of damage in spur-
pruned vineyards than in the cane-pruned vineyards,
in which mealybugs are more abundant on the green
parts of the vines. Arbor-trainingmay affect themove-
ment and distribution ofmealybugs through the plant.
Plants trained in thisway have a large amount ofwood
covered by a thick bark on the old plants. This large
woody area allows the mealybug populations to in-
crease in size without Þlling all the concealed loca-
tions under the bark. Thus, only when high temper-
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aturesoccurwill thepopulations growso large that the
mealybugs will have to colonize the green parts, with
deleterious effects on the crop yield. The bark of the
arbor-trained plants is a large natural shelter for mea-
lybugs. Thus, plants arbor trained are commonly and
recurrently infestedbymealybugs(RuizCastro1965).
The training system also affects the spread of the
GLRaV-3 virus: the vertical-trained vineyard had a
faster disease spread than the arbor-trained vineyard
(Cabaleiro and Segura 2006).
The level of infestation reached in a season ismainly
determined by: the level of infestation reached in the
previous season, the duration and intensity of the
warm season and the severity of the winter and its
inßuence on survival over winter. In the 3 yr of sam-
pling, the levelof infestation in thevineyard increased,
probably because of the abnormally dry mild winters,
especially in 2004Ð2005 (accumulated rainfall be-
tween September and February: historical average,
1,141 mm; 2002Ð2003 period, 1,609 mm; 2003Ð2004
period, 944 mm; 2004Ð2005 period, 626 mm). The
presence of mealybugs in July 2005 was conspicuous
throughout the vineyard, and females were easily ob-
served on almost all the plants. Nevertheless, the level
of capture in 2005was lower than expected. The cause
of this remains unclear but may be partially explained
by three factors: a higher level of parasitism, a larger
population of Tyrophagus putrescentiae (Schrank)
during the entire season, and a large number of mea-
lybugs, which although adults of reasonable size, did
not become sufÞciently mature to lay eggs. The mold
mite Tyrophagus putrescentiae is a ubiquitous and
mainly saprophytic mite (Hughes 1976). It has not
been described as a predator of mealybugs but has
been reported to be an inconvenience in the mass
rearing of the pink pineapple mealybug (Pandey and
Johnson 2006). Nevertheless, it has been conÞrmed as
a predator of insects as beetle eggs and larvae (Brust
and House 1988, Papadopoulou 2006) and adult mos-
quitoes (Serpa et al. 2004). In the citrus mealybug
reared in our laboratory, these mites caused the total
eradication of the mealybug population, and they de-
voured somemealybugs trapped on the tapes and also
mealybug eggs lays in the laboratory.
Analysis of the presence of GLRaV-3 in the mea-
lybugs trapped on the infected plants, revealed a high
percentage (almost 75%) of insects carrying the virus;
this level remained stable through the season. Con-
sidering the total leafroll infection in plot F, the per-
centage of virus carrying mealybugs may indicate the
level of virus acquisition in Þeld conditions. The in-
fective capacity of these carriers was not determined,
but in previous studies the level of transmission was
always lower than the level of acquisition when the
latter was determined by means of whole individual
analysis. Evenwhen the insects carry the virions, they
may not be available to be inoculated into a plant
(Olmos et al. 2005).
The role played by the citrusmealybug in the trans-
mission of GLRaV-3 remains undeÞned. The current
study revealed an almost total absence of mealybugs
in the canopy, the area of contact among plants, and
notable differences in levels of infestation among
plants. Therefore, movements of mealybugs among
plants seem scarce. These data and the low transmis-
sion rates obtained in the laboratory assays (Cabaleiro
andSegura 1997b,Golinoet al. 2002,Kru¨ger et al. 2006,
Douglas and Kruger 2008) suggest a very low spread
of GLRaV-3 in the Þeld. Nevertheless, the spread was
higher than that expected by analysis of themealybug
activity (Cabaleiro and Segura 2006, Cabaleiro et al.
2008). There are three possible explanations for this
contradiction: 1) underestimation of the transmission
rate in the laboratory assays, 2) underestimationof the
movement of mealybugs among plants, and 3) exis-
tence of an as yet unidentiÞed mechanism of virus
transmission. Determination of the transmission rate
of mealybug-borne viruses is a very difÞcult task. The
cryptic behavior of themealybugs and the complexity
of the pathosystem make the results of the assays very
variable, evenwhencarriedout in the same laboratory
(Posnette andStrickland1948,Roivainen1980,Kru¨ger
et al. 2006, Douglas and Kruger 2008). Therefore, im-
portant errors may be made in determining the trans-
mission rates, and theactual ratesmaybemuchhigher.
Taking into the account the present results, the
movementofmealybugs amongplants seems tobe low
throughout the canopy due to the low level of infes-
tation, the scarce presence of mealybugs in the green
part and the important differences in infestation
among plants. This is consistent with the results of
Grasswitz and James (2008) obtained for Ps. mariti-
mus, i.e., little movement of mealybugs by walking
from plant to plant and preference of mealybugs for
concealed locations.Nevertheless speciÞcmovements
throughout the canopy may take place during pos-
sible population explosions. Moreover, other possi-
ble means of movement from plant to plant may exist:
ants may transport the mealybugs from plant to plant
(Rohrbach et al. 1988, Helms and Vinson 2002), the
mealybugs may be transported by the wind or agri-
cultural practices such as spraying (Martõ´nez-Ferrer
et al. 2003, Sforza et al. 2003, Grasswitz and James
2008), and mealybugs may move along the soil after
falling from the canopy alone or with the leaves or
with the pruning remains (Bodenheimer 1951). Lo et
al. (2006) and Grasswitz & James (2008) also studied
the role played by the wind on the movement of the
grape mealybug and remarked on the large numbers
of crawlers moved in this way in highly infested vine-
yards.
The third hypothesis involves an as yet unidentiÞed
mechanism of transmission. Several studies of the
spread of GLRaV-3 in the Þeld have revealed spread
of the disease without the presence of mealybugs or
scale insects, which has been attributed to the exis-
tenceofothermechanismof transmission(Habili et al.
1995, Cabaleiro and Segura 1997a, Habili and Nutter
1997). This may be an insect-mediated mechanism,
carried out by an insect, probably a phloem feeder,
because the GLRaV-3 is a phloem-restricted virus, or
maybe a graft-mediatedmechanismwith transmission
linked to the formation of natural root-grafts between
plants of different sanitary status (Pethybridge et al.
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2002). The spread of the GLRaV-3 virus in a vineyard
and the participation of the citrus mealybug may de-
pend on some or all of the three factors listed above.
In vineyards where the mealybug populations do
not reach pest level, measures that can be taken to
minimize the transmission ofGLRaV-3mediated by P.
citri include the use of sticky traps, removal of pruning
remains, removal of bark from old plants, and appli-
cation of water to the trunk during the winter. The
sticky traps must be placed on the plants before the
movements start to ensure the catch of most mealy-
bugs and also to trap the ants that protect the mea-
lybug population (Tollerup et al. 2004). Adhesive
tapes placed around the trunk or sectors of the trunk
and impregnated with an appropriate type of glue are
suitable traps. The use of sticky traps on the trellis
poles is also effective in controlling the activity of the
ants. The pruning remains may act as a means of
transport for the mealybugs placed on them and fa-
cilitate the movement of mealybugs between plants
(Bodenheimer 1951). The removal and burning of
pruning remainsmay help to reduce themovement of
mealybugs between plants and thus reduce the spread
of theGLRaV-3.Bark is anoptimumnatural shelter for
themealybugs, and its removal allows reduction of the
numbers of mealybugs and of the possibility of pop-
ulation explosions occurring. Rain and low winter
temperatures seem to play an important role in the
wintermortality (KoplowWies2004).Theapplication
of water, especially on the trunk, may therefore in-
crease the winter mortality and thus reduce the initial
population of mealybugs during the season, and con-
sequently the population at the end of the year. These
measures are of particular interest when mealybugs
are present in high numbers.
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